Towards cell nucleus microdosimetry: construction of a confocal laser-scanning fluorescence microscope to readout fluorescence nuclear track detectors (FNTDs) FNTDs are made of Al 2 O 3 :C,Mg crystals. Ionizing radiation creates fluorescence centers in the FNTD material. A fluorescence confocal laser-scanning microscope (CLSM) can then be used to spatially acquire events of energy deposition caused by radiation in the bulk of the FNTDwith spatial resolution of about 400 nm. Fig 1a is the readout of a FNTD exposed to a 160 MeV proton therapy beam (Bartz et al. 2011, Radiat. Meas. 46:1974. The bright spots are proton tracks. We aim to fabricate a cell culture dish using the FNTD material. By exposing the cells and dish made of FNTD to radiation it will be possible to concurrently image the cells and the locations in the FNTD where the radiation hit. This information can be used to spatially correlate the position of the cell with the energy deposition in the FNTD and infer "where" in the cell the radiation passed through (nucleus, cytoplasm, etc). Our goal is to use a CLSM to image the radiation hits in the FNTD and an epi-fluorescence microscope (EFM) to image the cells on the dish made of FNTD. For the sake of illustration Fig 1b represents an EFM cell image superimposed to a FNTD image to demonstrate that the FNTD technique provides spatial resolution to perform dosimetry of single cells at the cell nucleus level. This work summarizes the construction of a custom CLSM that will be used to image radiation hits in the FNTD, which is our first step towards single cell nucleus microdosimetry. CLSM System: The light source for the system is a 635 nm laser. The beam is reflected off a dichroic mirror (DM) and deflected offaxis by a scanning mirror galvanometer. Then a set of two lenses forming a telescope expands and redirects the beam such that it covers the back aperture of the objective lens. The FNTD sample is mounted on a stepper motor z-stage platform having a minimum step size of 50 nm. Fluorescence is collected back along the beam path, filtered through the DM, and focused onto a confocal pinhole using a condenser lens. Light that passes through the pinhole enters a light-tight enclosure housing the detection assembly. N-IR fluorescence is separated from the visual component of the beam by another DM, and visual light is further filtered out using a long-pass filter before being collected by an avalanche photodiode (APD). The remaining visual component rejected by the DM is collected using a photodiode (PD) as a means of measuring reflections from the crystal's polished surface. Software/Electronics: Data acquisition/motion control is done in LabVIEW via intput/output from a DAQ card, with the exception of the z-stage, which is controlled via a USB controller. The algorithm begins by initializing the z-stage and stepping over a range Δz until the position z max at which the maximum PD signal is found. z max is taken to be the zero position (i.e. the focal spot is right at the surface). Scans are performed at a depth z in the crystal below z max . Lateral scans are performed by rastering the galvanometers in a saw-tooth pattern for a given number of pixels. Each pixel averages the APD signal over N samples, where N is proportional to the integration time t I , which helps improve the signal-to-noise ratio. APD voltages are written to a matrix of values, with the index of each value corresponding to its position in the image. The intensity matrix is then normalized between its minimum and maximum values and mapped to an 8-bit grayscale image using graphics packages in Java. Impact: The outcomes of this work will provide fundamental advances in ionizing radiation dosimetry at the sub-micrometer scale, which will have a positive impact in cancer radiotherapy treatments and radiation protection because it will help to determine more accurately radiation quantities at the cellular level. 
